Objective: To assess the validity of a short calcium food frequency questionnaire (FFQ) for use in young children. Design: Calcium intake from an estimated 4 d diet record (4DDR) was compared with the calcium intake from a 35 item FFQ speci®cally designed to assess habitual calcium intake and previously validated for adult women. Subjects: Forty-one girls and 26 boys aged 3±6 y recruited by advertisement for studies of nutrition and bone health. Results: Mean (s.d.) calcium intakes were 798 mg (271) and 942 mg (419) for the 4DDR and FFQ respectively, (r 0.52). Mean difference (s.d. of difference) in calcium intake between the two methods was 144 mg (355), showing that the FFQ may estimate calcium intakes 565 mg below to 854 mg above diet record values. 84% of subjects when classi®ed by the 4DDR fell into the same or adjacent quartiles when classi®ed by the FFQ. Only two subjects were classi®ed in extreme quartiles for the two methods. The FFQ correctly identi®ed 68% of children with recorded intakes less than 800 mg. Conclusions: The short calcium FFQ tended to overestimate actual calcium intakes in young children, and would not be appropriate for determining calcium intake of individuals. However, the FFQ demonstrated good ability to classify subjects into extremes of calcium intake. Moreover, the predictive value of the FFQ in identifying children with intakes below the current recommended intake of 800 mg was reasonably high (79%).
Introduction
Bone mineral content at old age is dependent upon the peak bone mass achieved in youth and subsequent adult bone loss. While peak bone mass is predominantly genetically controlled, calcium intake is considered to play an important role in bone health (Matkovic, 1992) . However, little is known concerning dietary calcium and bone health in very young children. Identi®cation of children with low calcium intakes would enable interventions designed to maximise bone health to be introduced at an early age. This study was undertaken to validate a short FFQ designed speci®cally to assess habitual calcium intake, in young children aged 3 ± 6 y.
Methods
Forty-one girls and 26 boys aged 3 ± 6 y were recruited by advertisement. Informed parental consent was obtained and the study was approved by our hospital Ethics Committee. The validation in adults of the calcium FFQ has been described (Wilson & Horwath, 1996) . Brie¯y, the questionnaire consists of 35 food and drink items and estimates usual intake of these foods over the past 12 months. The reference technique was a four-day estimated diet record. New Zealand Food Composition Tables (FOOD®les, 1994) were used to calculate mg Ca per day. Data were analysed using SPSS 4.04 (Language Systems Corp. 1990, Chicago, IL) . Quartile cut-off points were determined separately for the diet record and FFQ. A cross-classi®cation analysis was completed to identify the proportion of subjects correctly classi®ed (within one quartile) and grossly misclassi®ed (lowest quartile for one method and highest quartile for the other) by the FFQ. To assess the measurement error of the FFQ,`actual values for surrogate categories' were calculated (Wilson & Horwath, 1996) . Mean calcium intakes of the diet record quartiles (actual values) were calculated and compared with the mean diet record values of subjects grouped into FFQ quartiles (surrogate categories).
Results
The response rate for completion of diet information was 94% (incomplete data in four subjects). Results for girls and boys were analysed together as there were no gender differences in age, height, weight or calcium intake. Daily calcium intakes were (mean AE s.d.): 798 AE 271 mg (4DDR) and 942 AE 419 mg (FFQ) (P`0.01 by paired t-test, r 0.52). The mean difference in calcium intake between the two methods was 144 mg (95% CI, 57±232 mg, P`0.01) demonstrating that the FFQ could estimate calcium intakes 565 mg below to 854 mg above the diet record (Bland & Altman, 1986) . Eighty-four percent of subjects were classi®ed into the same or adjacent quartile by the FFQ and only two children were grossly misclassi®ed ( Table 1) . The FFQ had good discriminatory power at higher calcium intakes (surrogate category quartiles 2, 3 and 4 being signi®cantly different from each other, P`0.05). However the FFQ was unable to differentiate between quartiles 1 and 2. The speci®city of the calcium FFQ (the % of subjects with intakes less than the Australian recommended daily intake of 800 mg for 4 ±7 y old children on the basis of the average 4DDR values, who also had a FFQ intake of less than 800 mg) was 68%. The sensitivity of the questionnaire (percentage of subjects with intakes above 800 mg for the 4DDR who also had a FFQ intake above 800 mg) was 79%. The proportion of subjects with a FFQ intake below 800 mg who also had a recorded intake below 800 mg (predictive value) was 79%.
Discussion
Although FFQs are not considered appropriate for estimating actual nutrient intake, they are capable of assessing mean dietary intake of groups, they have the capacity to place individuals into categories of intake correctly (Horwath, 1990) and they identify subjects at the extremes of intake (Zulki¯i & Yu, 1992) . Our results show that although the FFQ tended to overestimate mean calcium intake, it demonstrated a reasonable ability to correctly classify the majority of subjects into quartiles of intake. Moreover, the ability of the questionnaire to identify children with low calcium intakes was reasonably high.
The perceived value of a screening measure will depend on the relative importance placed upon maximising sensitivity or speci®city (Taylor et al, 1998) . If the purpose of the calcium FFQ is to identify children with actual daily intakes less than 800 mg, our study shows that 68% of the children would be correctly identi®ed. This means that 11 children (17%) who actually had low calcium intakes would be missed for intervention purposes (speci®city error) and 6 children (10%) would be targeted for nutritional advice when it was not necessary (sensitivity error) (Wilson & Horwath, 1996) . On the other hand, the predictive value of the FFQ was quite high, since the majority (79%) of children the FFQ identi®ed as having an intake of less than 800 mg, had a recorded intake below this level. Cross-classi®cation analysis demonstrated that the FFQ classi®ed 84% of subjects within one quartile of the 4DDR, with only two subjects having values in the extreme quartiles. These results compare well with results obtained by other researchers who have used this method of analysis (Bonifacj et al, 1997; Horwath, 1993) .
The assessment of dietary intake in young children is complicated by the fact that parental reports of dietary intake must be used. However, others have concluded that parental recall of food intake as assessed by FFQ in preschool children is acceptable (Treiber et al, 1990) . The reference method we used was an estimated 4DDR. However, variability in nutrient intake in children may require dietary recording in excess of 10 d for the accurate estimation of daily calcium intake (Miller et al, 1991) . This is not practical for population studies and a trade-off must therefore be made between obtaining accurate information and maintaining compliance in the study subjects. Few calcium-forti®ed foods are available in New Zealand. In countries where these foods are widely consumed, information concerning use of these products should be collected.
Conclusions
We have extended the validation of a simple FFQ for estimating calcium intake to young children aged 3± 6 y and suggest this FFQ has value for estimating calcium intake in relation to bone health in young children in population studies. Mean calcium values for surrogate category quartiles were: 649mg, 657mg, 864 mg and 1037mg for quartiles 1±4 respectively. Quartiles 2, 3 and 4 each differed signi®cantly (P`0.05, unpaired t-test). However, quartiles 1 and 2 were not signi®cantly different (P b 0.05).
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